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Abstract

Parabens are widely used as preservative substances in foods, pharmaceuticals, industrial products, and cos-

metics. But several studies have cautioned that parabens have estrogenic or endocrine-disrupting properties.

Drosophila melanogaster is an ideal model in vivo to detect the toxic effects of chemistry. The study was de-

signed to assess the potential additive toxic effects of methylparaben (MP) and ethylparaben (EP) mixture

(MPþEP) on lifespan and preadult development period in D. melanogaster. The data revealed that the MPþEP

can reduce the longevity of flies compared with the control group, consistent with a significant reduction in

malondialdehyde levels and an increase in superoxide dismutase activities. Furthermore, MPþEP may have a

greater toxic effect on longevity of flies than separate using with the same concentration. Additionally, parabens

had a nonmonotonic dose–response effect on D. melanogaster preadult development period, showing that

MPþEP delayed preadult development period compared with control group while individual MP or EP signifi-

cantly shortened (P<0.01) at low concentration (300 mg/l). In conclusion, MPþEP had the potential additive

toxicity on lifespan and preadult development period for D. melanogaster.
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Parabens, alkylesters of p-hydroxybenzoic acid, mainly including

methylparaben (MP), ethylparaben (EP), and propylparaben (PP),

have been widely used as preservatives in foods, pharmaceuticals,

cosmetics, and industrial products because of their broad antimicro-

bial spectra with relatively low toxicity, good stability, and nonvola-

tility (Brausch and Rand 2011). MP and EP are regarded as the most

common ingredient of personal care products, and the limits of de-

tection in creams was up to 5–2,000 mg/l (Supp Table 1 [online

only]). Parabens are present with low concentration in environmen-

tal samples such as rivers, air, dust, and so on. Human can be ex-

posed to parabens by inhalation, oral intake, and dermal

absorption. It is estimated that the average daily parabens exposure

from personal care products (PCPs) is 0.833–2.4, 0.417 mg/kg bw/d

for pharmaceutical products, and �0.77�10�4 mg/kg bw/d for

food (Błędzka et al. 2014). Cosmetic Ingredient Review calculated

an adult human dose of 1.2 mg/kg bw/d of multiple parabens and an

infant dose of 0.3 mg/kg bw/d and compare this with a no observed

adverse effect level for all parabens of 1,000 mg/kg bw/d (Andersen

2008). In European Union countries, the allowable content of para-

bens in cosmetic products is 0.4 % for single ester and 0.8 % for

mixtures of all parabens (European Parliament and Council of

European Union 2009). Parabens are also detected in human breast

tissue (Harvey and Everett 2004), human milk (Schlumpf et al.

2010), human urine and serum (Carrasco-Correa et al. 2015) in re-

cent years. Furthermore, parabens possess estrogenic activity

(Routledge et al. 1998; Darbre and Harvey 2008; Lange et al. 2014)

and antiandrogenic activity (Satoh et al. 2005; Chen et al. 2007),

which were classified as potential endocrine-disrupting chemicals

(EDCs) by the Endocrine Society (Diamanti-Kandarakis et al. 2009).

Several studies showed that parabens can promote the proliferation

of MCF-7 human breast cancer cells (Charles and Darbre 2013;

Khanna et al. 2014), affect the male reproductive system in mice

(Zhang et al. 2014), inhibit the mitochondrial respiratory capacities

(Nakagawa and Moldéus 1998) and induce oxidative stress in the

cell (Nishizawa et al. 2006; Popa et al. 2011; Shah and Verma

2011).

Nowadays, the ‘free radical theory of ageing is one of the most

major theories providing a testable biological mechanism for aging

process, which states that aging is a process of irreversible injuries

associated with accumulation of oxidative damages induced by the
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most abundant free radicals in cells (Harman 1956). The free radi-

cals are scavenged by a wide spectrum of enzymatic mechanisms

such as superoxide dismutase (SOD), catalase (CAT), and glutathi-

one peroxidase, to avoid oxidative damages in vivo (Guemouri et al.

1991). Lipid peroxidation is an autocatalytic process which may

cause peroxidative tissue damage in inflammation, cancer, and aging

(_Inal et al. 2001). Malondialdehyde (MDA) is used as an index of

lipid peroxidation (Draper and Hadley 1990).

Drosophila melanogaster as an invertebrate model organism,

due to its short life span, well-defined genetics, ease rearing in the

laboratory, has been used to test the effects of potential chemical

pollutants on reproduction, endocrinology, and longevity (Rand

2010). Our laboratory has studied the endocrine-disrupting effect of

individual paraben in D. melanogaster for many years. We found

that individual MP had toxic effects on the fecundity and develop-

ment of fruit flies, and lower concentration of MP had potential

estrogenic activities (Gu et al. 2009). Individual EP not only affected

longevity, fecundity, and the expression of apoptosis-related gene

(reaper) (Ying 2012), but also influenced the expression of estrogen-

related receptor, ecdysone receptor (EcR), and yolk protein receptor

(Liu et al. 2014). Similarly individual PP also influenced the lifespan

and induced the significant increase in MDA levels and a decrease of

activities of SOD and CAT (Li et al. 2015).

Recently, with the increasing probability of exposure, humans

are likely exposed to mixtures of parabens and the most widely used

preservative system consists of a combination of parabens (Steinberg

2010). So more research needs to be carried out to examine the po-

tential additive toxicity of parabens mixtures. The tests for mixture

toxicity of EDCs and/or parabens have been performed on aquatic

organisms (Yamamoto et al. 2011), rats (Isling et al. 2014), and hu-

man cell (Evans et al. 2012), but rarely on fruit flies (Ayar and Uysal

2013). This study investigated the effect of the MP and EP mixture

(MPþEP) on the lifespan and preadult development period in

D. melanogaster with the attempt to elucidate the potential additive

toxicity.

Materials and Methods

Strains Stocks and Culture

The wild Canton S (CS) strain was used in this study. The wild CS

type flies were reared in the vials and maintained in an incubator. The

incubator temperature and relative humidity were 25–26�C and 65–

75%, respectively. The basal diet was prepared according to the

standard formulation. In brief, 100 ml medium contained 30g corn

meal, 15g glucose, 1 g yeast, 1.5 g agar, and 0.5 ml methylacetic acid.

For the laying culture medium, it was prepared by adding 1 g active

carbon to the basal diet per 100 ml and divided into a petri dish.

Treatment with Parabens

For all the analysis, the mixture of parabens by equal mass combina-

tion of MP and EP or individual paraben was dissolved in anhydrous

ethanol (Tianjin Tianli Chemical Reagent Co., Ltd, TianJin, China)

and added to basal diet to its final concentrations (300, 700, and

1,000 mg/l w/v). The same amount of ethanol, but without parabens,

was maintained in control diet. Adult D. melanogaster or eggs were

exposed to either the parabens-treatment or control diet (Fig. 1).

Lifespan Assay

Virgin male and female flies emerging from standard culture food

were separated and divided into 4 groups (n¼200 each), and

housed in 10 vials (20 flies per vial). The first group was maintained

on the control diet, while the other groups were fed with the

MPþEP diets (300, 700, and 1,000 mg/l) (Fig. 1a). Dead flies were

counted every day and the remaining alive flies were transferred to a

new vial containing the same diet every 2 d. The mean lifespan,

Fig. 1. Summary of experimental procedure. For all the analysis, parabens were dissolved in ethanol and added to basal diet to its final concentrations (300, 700,

and 1,000 mg/l). The same amount of ethanol was maintained in control. (a) Lifespan and antioxidation assay of flies. (b) Test of preadult development period
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maximum lifespan, and 50% survival time of flies were calculated

as previous method (Liu et al. 2014). The experiments were repeated

three times.

Antioxidation Assay

The fruit flies were cultured and treated as above mentioned

approach and sacrificed at selected time points (days 10, 20, 30, 40,

and 50) (Fig. 1a). The fruit flies (40 flies per sample) were homogen-

ized in 0.40 ml of cold saline followed by centrifugation at a speed

of 6,000 g for 10 min at 4�C. Then the supernatant transferred to

new centrifugal tubes and was used for each test. SOD activity was

quantified using a spectrophotometer (UNICAM, UV-300) accord-

ing to a SOD assay kit (Nanjing Jiancheng Bioengineering Institute,

Nanjing, China). This assay is based on the inhibition of nitrite for-

mation from hydroxyl ammonium in the presence of O2
� generators

mediated by SOD. The spectrophotometric absorbance was set at

550 nm and the results were expressed as units of SOD activity per

mg protein. The protein contents were measured using commercial

kit (Nanjing Jiancheng Bioengineering Company) by the coomassie

brilliant blue method according to the manufacturer’s directions.

Lipid peroxidation products were measured by commercial MDA

kit (Nanjing Jiancheng Bioengineering Institute) using a spectropho-

tometer at 532 nm according to the manufacturer’s directions. The

level of lipid peroxidation was calculated and expressed as mmol

MDA per mg protein. Every experiment repeated three times.

Assay of Preadult Development Period

Within 24 hr newly ecloded flies were fed basal diet for 5 d, trans-

ferred to petri dish to lay eggs. One-hour egg collections were trans-

ferred to basal diet and parabens-treatment diets by inoculating

needle in super-clean worktable (Suzhou Antai, Suzhou, China).

Twenty eggs were reared in a vial (Fig. 1b). Eggs were allowed to

hatch until eclosion. The number of pupation and eclosion was

counted every day. In each replication 100 eggs were examined,

with three replications.

Statistical Analysis

Statistical analyses were performed using SPSS package version 19.0

(IBM, Armonk, NY). Lifespan analyses were performed separately

by sex and the significance of differences among samples was

assessed using one-way ANOVA by least significant difference

(LSD). Survival analysis was assessed by the Kaplan-Meier methods,

and the differences between survival curves were analyzed using the

log-rank test. The percentage of pupation (the ratio between number

of pupation and number of egg examined), the percentage of adult

eclosion (the ratio between number of eclosion and number of egg

examined), larval period (time from egg to pupa), and pupal period

(time from pupa to adult) were analyzed by LSD. Two-way

ANOVA was performed to compare biochemical parameters and

development period data for the Drosophila studies, and the associ-

ation effects of each factor with the ANOVA model were analyzed

by calculating their partial eta-squared (g2) values. Data were

expressed as mean 6 SD. Differences were considered significant

when P<0.05 or <0.01.

Results

Effect of MP 1 EP on Longevity of Flies

The results revealed that MPþEP groups had a lower mean and

maximum lifespan than the control group not only for female [mean

lifespan (F¼80.07; df¼3; P<0.01), maximum lifespan

(F¼8.07;¼3; P<0.01)], but for male [mean lifespan (F¼128.51;

df¼3; P<0.01), maximum lifespan (F¼11.01; df¼3; P<0.01)]

(Table 1). Especially the flies in 1,000 mg/l MPþEP group

decreased mean lifespan by 54.80% for female and 49.90% for

male, and maximum lifespan by 35.00% for female and 31.10% for

male (P<0.01). Furthermore, 1,000 mg/l individual EP also signifi-

cantly decreased mean lifespan by 24.62% for female and 27.29 %

for male, and maximum lifespan by 16.04% for female and 12.61%

for male (Table 2). For the 50% survival time, nearly no difference

was observed between 300 mg/l MPþEP and control groups, but a

significant decrease was obtained in the 700 and 1,000 mg/l

MPþEP groups (P<0.01). Additionally, MPþEP significantly

reduced the flies survival rates for both female (v2¼200.59; df¼3;

P<0.01) and male (v2¼197.28; df¼3; P<0.01) (Fig. 2), espe-

cially in the 700 mg/l female (v2¼87.61; df¼1; P<0.01), male

(v2¼77.68; df¼1; P<0.01) and 1,000 mg/l female (v2¼95.71;

df¼1; P<0.01), male (v2¼138.94; df¼1; P<0.01). The cumula-

tive survival also significantly decreased in MPþEP groups

Table 1. Lifespan of flies fed with different concentrations of MPþEP and the control diets

Gender MPþEP

(mg/l)

Mean lifespan

(day)a

Change of mean

lifespan (%)b
50% survival (day)a Maximum

lifespan (day)a

Change of maximum

lifespan (%)b

Female 0 46.00 6 2.95A — 49.00 6 1.00A 74.93 6 1.62A —

300 43.56 6 3.00A �5.30 50.77 6 1.55A 73.45 6 2.95A �2.00

700 37.31 6 1.01B �18.90 44.73 6 0.40B 69.00 6 1.81A �7.90

1,000 20.81 6 0.76C �54.80 16.90 6 0.53C 48.70 6 9.04B �35.00

Male 0 45.60 6 2.68A — 47.33 6 2.75A 71.47 6 0.75A —

300 43.46 6 1.40A �4.70 46.12 6 0.70A 62.70 6 0.90B �12.30

700 29.94 6 0.40B �34.30 31.17 6 1.04B 56.40 6 1.00C �21.10

1,000 22.86 6 1.33C �49.90 18.00 6 1.45C 49.23 6 1.86D �31.10

aThe data were given as means 6 SD. Sharing the different capital letter do significantly differ from each other in same sex at P< 0.01.
bLifespan change (%)¼ (Reference lifespan-Treatment lifespan)/Reference lifespan� 100, control diet is used as reference.

Table 2. Change of lifespan of flies fed with MPþEP and the indi-

vidual EP

Change of lifespan Gender 1,000

mg l�1 EPa

2,000

mg l�1 EP a

1,000 mg l�1

(MPþEP)b

Change of

mean lifespan (%)

$ �24.62 �43.95 �54.80

# �27.29 �47.30 �49.90

Change of maximum

lifespan (%)

$ �16.04 0.33 �35.00

# �12.61 �0.32 �31.10

a Reference Liu et al. (2014).
b This study.
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compared with control group. For female, the survival function

slowly declined before 45 d and then fell rapidly from 46 to 70 d in

the control, but the survival function of 1,000 mg/l MPþEP group

was slowly declined before 15 d, and dropped quickly from 15 to

25 d (Fig. 2a). For male, the survival curve slowly declined before

45 d, and then decreased more rapidly from 46 to 60 d in the con-

trol, but the survival curve of 700 and 1,000 mg/l MPþEP groups

was reduced gently before 15 d, and fell quickly at 15–45 d (Fig. 2b).

Furthermore, the turning drop point of 700 and 1,000 mg/l MPþEP

groups was earlier than control group in all sexes. So MPþEP can

reduce lifespan and survival rate of flies in both sexes.

SOD Activity

The research was designed to assess antioxidation of flies exposed to

MPþEP diets. For female, the SOD activity in the control group

gradually increased before 40 d and then decreased with aging, but

the value of SOD activity in MPþEP groups was in a lower range

(3.02 6 1.68 to 10.80 6 0.61 U/mg protein) (Fig. 3a). The activity of

SOD in MPþEP groups was significantly decreased relative to those

of the control group at day 20, 30, and 40 (P<0.01 or<0.05), only

1,000 mg/l MPþEP group was significantly decreased the activity

of SOD at 50 d (P<0.05). For male, the SOD activity in control and

300 mg/l MPþEP groups gradually increased from 10 to 50 d, while

that of 700 and 1,000 mg/l MPþEP groups decreased at 20 d, and

then increased (Fig. 3b). Moreover, MPþEP groups exhibited a

decrease in SOD activity at 20–50 d, especially, in 1,000 mg/l group

(P<0.01 or<0.05). Additionally, two-way ANOVA was per-

formed to analyzed the interaction effects of age and concentration.

The results showed that both age and concentration significantly

affected SOD activity (P<0.01). The age affected 81.30% for

female and 89.60% for male of the total variance, concentration

affected 86.10% for female and 70.00% for male, and the combined

effect of the concentration and age was 73.30% for female and

72.10% for male (Table 3). In conclusion, MPþEP groups

decreased the SOD activity of flies compared with control group at

the same age.

The Content of MDA

The MDA contents presented an increasing trend with age in all

groups (Fig. 3c and d). For female, the MDA contents of each group

were rather close among each group at day 10 and 20. However,

MDA levels were significantly increased in MPþEP groups at day

30, 40, and 50 compared with control group (P<0.01 or<0.05)

except for increasing of 300 mg/l group at day 30 and 700 mg/l

group at day 50 (Fig. 3c). Similarly, MPþEP groups showed an

increase in MDA levels compared with control group for male, espe-

cially 1,000 mg/l group at day 20, 30, 40 (P<0.01) and 50

(P<0.05) (Fig. 3d). According to the two-way ANOVA analysis,

both exposure age and concentration significantly affected MDA

contents (P<0.01) and the combined effect of age and concentra-

tion was also significant (P<0.01). The contribution of exposure

age to the variance was 98.50% for female and 97.70% for male of

the total variance, and that of exposure concentration was 91.40%

for female and 83.20% for male. Their combined effect contributed

90.20% for female and 69.70% for male (Table 3). In summary,

MPþEP can increase MDA contents compared with control group

at the same age, especially in 1,000 mg/l group for all sexes.

Effect of Parabens on the Preadult Development Period

One-way ANOVA analysis showed MPþEP delayed larval period,

especially in 700 mg/l (P<0.05) and 1,000 mg/l groups (P<0.01).

Furthermore, 1,000 mg/l individual MP or EP groups also delayed

larval period (P<0.01), but 300 and 700 mg/l individual MP

(P<0.01) as well as 300 mg/l individual EP accelerated larval period

(P<0.01) (Table 4). More importantly, comparing with different

experimental groups at same concentration, the larval period in

300 mg/l individual MP or EP groups was significantly shorter

(P<0.01) than control, but the larval period in same concentration

MPþEP groups was longer (Table 4). In other words, MPþEP had

a more severe effect on pre-adult development period compared

with individual MP or EP at the same concentration. In addition,

there was no impact on the pupal period, and percentage of pupa

and eclosion for parabens. According to two-way ANOVA analysis,

the exposure type of parabens, concentration, and their combined

effects all significantly altered growth rate in fly (P<0.01). The con-

tribution of the exposure type of parabens to the variance of growth

rate was 86.10%, and that of exposure concentration was 96.80%.

Their combined effect contributed 76.90% (Table 5). Hence, para-

bens had a nonmonotonic dose–response effect on preadult develop-

ment period for D. melanogaster and the larval period was more

sensitive.

(a) (b)

Fig. 2. Kaplan-Meier cumulative survival function for different concentrations MPþEP (0, 300, 700, and 1,000 mg/l). Comparison of age-dependent survival curves

of female (a) and male (b) flies indicated highly significant differences
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Table 3. The result of two-way ANOVAfor the biochemical indexes parameters.

Biochemical indexes Parameters df a F P Effects sizeb (%)

$ # $ # $ # $ #

SOD Age 4 4 21.76 42.88 0.000 0.000 81.30 89.60

Concentration 3 3 41.27 15.55 0.000 0.000 86.10 70.00

Age�Concentration 12 12 4.57 4.32 0.001 0.002 73.30 72.10

MDA Age 4 4 319.73 216.70 0.000 0.000 98.50 97.70

Concentration 3 3 70.88 33.11 0.000 0.000 91.40 83.20

Age�Concentration 12 12 15.27 3.83 0.000 0.004 90.20 69.70

aDegrees of freedom.
bEffect size is given in partial eta-squared (g2).

Table 4. Effect of different concentrations of parabens on Drosophila pre-adult development period

Treatment Concentration (mg/l) Larval period (day) Pupal period (day) Percentage of pupa (%) Percentage of eclosion (%)

Control 0 5.78 6 0.15 3.93 6 0.24 75.37 97.43

MPþEP 300 6.94 6 0.12 3.69 6 0.27 80.00 96.95

700 7.90 6 0.27* 4.20 6 0.17 65.00 96.20

1,000 10.06 6 1.16** 3.59 6 0.21 73.00 85.40

MP 300 5.18 6 0.04** 3.72 6 0.20 74.50 99.50

700 5.09 6 0.15** 3.68 6 0.12 66.50 99.50

1,000 8.61 6 0.06** 3.66 6 0.12 71.00 97.50

EP 300 4.88 6 0.06** 3.72 6 0.06 75.00 95.20

700 6.54 6 0.02** 4.03 6 0.03 70.00 98.85

1,000 8.90 6 0.25** 3.54 6 0.47 75.50 94.95

*P< 0.05 and **P< 0.01 compared with the value of control group.

Fig. 3. The activity of antioxidant enzyme SOD and the MDA level in flies when fed with the diets containing 0 mg/l (control), 300, 700, and 1,000 mg/l MPþEP for

10, 20, 30, 40 and 50 d. (a) Activity of SOD for female. (b) Activity of SOD for male. (c) The MDA level in female. (d) The MDA level in male. Data are expressed as

mean 6 SD. * P<0.05 and ** P<0.01 compared with the value of control group at the same age
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Discussion

In this study, we found that MPþEP could reduce the mean life-

span, maximum lifespan and 50% survival time of flies when com-

pared with that of the control group (Table 1). More importantly,

the mean lifespan in 1,000 mg/l MPþEP group was about a half of

that in control group, while the mean lifespan in 1,000 mg/l individ-

ual EP was nearly three quarters of that in control group (Table 2).

It indicated that MPþEP may present greater toxic effect on longev-

ity of flies than individual paraben at the same concentration.

Furthermore, our results suggested that parabens could impair anti-

oxidant capacity (Fig. 3). Parabens may increase levels of oxidative

damages on macromolecules and gradual disruption of organelle

function to promote senescence. The same conclusions about the

relationship between parabens exposure and oxidative stress bio-

markers have been made in rodents (Popa et al. 2011; Shah and

Verma 2011), pregnant women and infant (Kang et al. 2013). In

addition, the shortening lifespan in parabens-treatment groups may

be associated with endocrinic disruption. Flies that are heterozygous

for mutations in the EcR presented an increase in lifespan and the

ability to avoid various stresses (Simon et al. 2003; Tricoire et al.

2009). Juvenile hormone (JH) can regulate the lifespan of flies by

mechanisms independent of direct physiological trade-offs with egg

production (Yamamoto et al. 2013). It was also proven that hor-

mones and mutations in genes involved in endocrine signaling, in

particular, the insulin/insulin-like growth factor-1 (IGF-1) signaling

(IIS) pathway, can affect D. melanogaster longevity (G�alikov�a et al.

2011). Parabens may disrupt endocrine signaling pathways and

abnormal hormone production, and further affect the lifespan.

Drosophila belongs to holometabolous insects which includes a

transition from an immature juvenile to a sexually mature adult

coordinated by two hormones, 20-hydroxyecdysone and JH (Jindra

et al. 2013; Gautam et al. 2014). In Drosophila, a high titer of ecdy-

sone, relative to the titers produced during the instar transforma-

tions, at the end of the third-instar larval stage initiates the onset of

pupariation/metamorphosis (Thummel 2001). Our results revealed

that parabens had a negative impact on preadult development

period of flies and showed a nonmonotonic dose–response.

Parabens, as the potential EDCs, can interfere with hormone synthe-

sis. Moreover, we found EP can cause the disordered expression of

EcR in D. melanogaster (Liu et al. 2014). In addition, IIS can regu-

late ecdysone biosynthesis in the prothoracic glands (Walkiewicz

and Stern 2009; Koyama et al. 2014). Parabens may disturb the

modification of the hormone synthesis metabolism and hormone

action to alter metamorphosis of fruit flies. When compared with

the control group, 300 and 700 mg/l individual MP and 300 mg/l

individual EP could accelerate development rate (P<0.01) (Table

4). The reason might be that individual MP or EP at low concentra-

tion display ‘hormesis’ effects by controlling the hormone synthesis

and producing biological benefits in organisms (Radak et al. 2008).

Similarly, bisphenol A, one of EDCs, can also accelerate larval

growth in the low dose group (Weiner et al. 2014). Additionally, the

larval period was delayed in 300 mg/l MPþEP group, and short-

ened in the same concentration of individual MP or EP groups

(P<0.01). 700 mg/l individual MP accelerated the development rate

(P<0.01), but individual EP prolonged at the same concentration

(P<0.05) (Table 4). Therefore, we deduced MPþEP may have a

greater toxicity than individual and the order of the toxic was

MPþEP>EP>MP on D. melanogaster.

In summary, D. melanogaster is a promising organism to study

chemical pollutants toxicity on endocrinology and longevity with

the accurate sensitivity and operability. The results revealed that

parabens had an adverse effect on lifespan and preadult develop-

ment period in D. melanogaster, especially in combining use.

However, the study only focused on the additive toxicity of two

kinds of parabens and ignored the toxicity on fertility and the mech-

anism of parabens-induced endocrine disruption in flies. Further

studies may be necessary to investigate the molecular mechanisms of

parabens toxicity on flies. In particular, we should focus on the addi-

tive effects of multiple parabens to reevaluate their safe margin.
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Supplementary data are available at Journal of Insect Science online.
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ronmental studies to human health. Environ. Int. 67: 27–42.

Brausch, J. M., and G. M. Rand. 2011. A review of personal care products in

the aquatic environment: environmental concentrations and toxicity.

Chemosphere 82: 1518–1532.

Carrasco-Correa, E. J., F. Vela-Soria, O. Ballesteros, G. Ramis-Ramos, and J.

M. Herrero-Martı́nez. 2015. Sensitive determination of parabens in human

urine and serum using methacrylate monoliths and reversed-phase capillary

liquid chromatography-mass spectrometry. J. Chromatogr. A 1379: 65–73.

Celeiro, M., J. P. Lamas, C. Garcia-Jares, and M. Llompart. 2015. Pressurized

liquid extraction-gas chromatography-mass spectrometry analysis of fra-

grance allergens, musks, phthalates and preservatives in baby wipes.

J. Chromatogr. A 1384: 9–21

Charles, A. K., and P. D. Darbre. 2013. Combinations of parabens at concen-

trations measured in human breast tissue can increase proliferation of MCF-

7 human breast cancer cells. J. Appl. Toxicol. 33: 390–398.

Chen, J., K. C. Ahn, N. A. Gee, S. J. Gee, B. D. Hammock, and B. L. Lasley.

2007. Antiandrogenic properties of parabens and other phenolic containing

Table 5. The result of two-way analyses of variance for the larval

period parameters

Parameters df a F P Effects sizeb (%)

Parabens 2 37.04 0.000 86.10

Concentrations 3 121.45 0.000 96.80

Parabens�Concentrations 6 6.65 0.003 76.90

aDegrees of freedom.
bEffect size is given in partial eta-squared (g2).

6 Journal of Insect Science, 2016, Vol. 16, No. 1

Deleted Text:  
Deleted Text: to 
Deleted Text: mg/L
Deleted Text: mg/L
Deleted Text: ecdysone receptor
Deleted Text:   
Deleted Text: (20E) 
Deleted Text: -
Deleted Text: -
Deleted Text: -
Deleted Text: 
Deleted Text: isulin/insulin-like growth factor signaling (
Deleted Text: )
Deleted Text: (PGs) 
Deleted Text: C
Deleted Text: to 
Deleted Text: mg/L
Deleted Text:  
Deleted Text: mg/L
Deleted Text: mg/L
Deleted Text: <
Deleted Text: ``
Deleted Text: ''
Deleted Text: mg/L
Deleted Text: <
Deleted Text: mg/L
Deleted Text: <
Deleted Text: <
Deleted Text:  
Deleted Text:   
Deleted Text: -
http://jinsectscience.oxfordjournals.org/lookup/suppl/doi:10.1093/jisesa/iev146/-/DC1


small molecules in personal care products. Toxicol. Appl. Pharmacol. 221:

278–284.

Cheng, Y. C., C. C. Wang, Y. L. Chen, and S. M. Wu. 2012. Large volume

sample stacking with EOF and sweeping in CE for determination of com-

mon preservatives in cosmetic products by chemometric experimental de-

sign. Electrophoresis 33: 1443–1448.

Darbre, P. D., and P. W. Harvey. 2008. Paraben esters: review of recent studies

of endocrine toxicity, absorption, esterase and human exposure, and discus-

sion of potential human health risks. J. Appl. Toxicol. 28: 561–578.

Diamanti-Kandarakis, E., J. P. Bourguignon, L. C. Giudice, R. Hauser, G. S.

Prins, A. M. Soto, R. T. Zoeller, and A. C. Gore. 2009. Endocrine-disrupt-

ing chemicals: an Endocrine Society scientific statement. Endocr. Rev. 30:

293–342.

Draper, H. H., and M. Hadley. 1990. Malondialdehyde determination as in-

dex of lipid Peroxidation. Method. Enzymol. 186: 421–431.

European Parliament and Council of European Union. 2009. Regulation (EC)

no 1223/2009 of the European Parliament and of the Council of 30

November 2009 on cosmetic products. Off. J. Eur. Union L342: 59–209.

Evans, R. M., M. Scholze, and A. Kortenkamp. 2012. Additive mixture effects

of estrogenic chemicals in human cell-based assays can be influenced by in-

clusion of chemicals with differing effect profiles. Plos One 7, e43606.

Farajzadeh, M. A., E. M. Khosrowshahi, and P. Khorram. 2013. Simultaneous

derivatization and air-assisted liquid-liquid microextraction of some para-

bens in personal care products and their determination by GC with flame

ionization detection. J. Sep. Sci. 36: 3571–3578.
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